Purpose Overweight and obese adolescents are at risk for low health-related quality of life (HRQOL). We examined the role of individual-and environmental-level variables on the relationship between body mass index (BMI kg/m 2 ) and HRQOL in adolescents. Methods Linear regressions were performed to conduct mediation and moderation analyses on the relationship between BMI and HRQOL in overweight and obese adolescents (N = 205). HRQOL was measured by the Pediatric Quality of Life Inventory. Hypothesized mediators included depression, measured by the Center for Epidemiologic Studies Depression Scale; body image, measured by the gender-specific body dissatisfaction subscale of the Eating Disorder Inventory; and self-esteem, measured by the Rosenberg Self-Esteem Scale. Mediation was assessed using Baron and Kenny's approach and Sobel's test of indirect effects. Anglo-acculturation, measured by the Short Acculturation Scale for Hispanics-Youth, and environmental perception, measured by parent-proxy report of the Neighborhood Environment Walkability Scale, were hypothesized moderators. Results Body image mediated the relationship between BMI and HRQOL (b = -0.34, SE = 0.17, adj R 2 = 0.19, p = .051), and self-esteem was a partial mediator (b = -0.37, SE = 0.17, adj R 2 = 0.24, p = .027). Sobel's test confirmed these results (p \ .05). No significant moderation effects were found. Conclusions The finding that individual-level factors, such as body image and self-esteem, influence the relationship between BMI and HRQOL while environmental factors, such as neighborhood environment and acculturation, do not extends previous research. The finding that body image and self-esteem partially mediate this relationship presents new areas to investigate in interventions that address BMI in youth.
Introduction
Adolescent overweight and obesity continues to affect US youth, with approximately one-third of adolescents aged 12-19 overweight or obese in 2009-2010 [1] . Moreover, the prevalence is higher among Mexican American adolescents (43.4 %) compared to white non-Hispanic adolescents (30 %), which suggests racial disparities [1] . Research has shown that health-related quality of life (HRQOL) in obese adolescents is significantly lower than their normal-weight cohorts [2] [3] [4] [5] [6] . A meta-analysis of Body Mass Index (BMI) and HRQOL in children and adolescents also supports these findings as it showed that both physical and psychosocial dimensions of HRQOL are lower for obese children and adolescents [7] .
The Centers for Disease Control and Prevention define HRQOL as a multidimensional concept focusing on how a person's health affects his or her physical, mental, social, and emotional functioning [8] . Recent calls in public health have emphasized the need to focus on improving HRQOL among all individuals. In the Healthy People 2020 report, the importance of QOL measures was acknowledged by making HRQOL one of the four foundation health measures used to indicate progress toward achieving the overarching goals [9] . Similarly, the National Institute of Health's strategic plan for obesity research includes QOL as an important outcome for intervention research [10] .
The social ecological model posits that an individual's health is influenced by proximal and distal factors including individual, interpersonal, community, and societal levels [11] . To understand the relationship between HRQOL and childhood obesity, it may be important to examine multiple levels of influence to work toward developing more comprehensive models.
Research with adults has examined how individual-level factors such as depression, self-esteem, self-efficacy, coping style, body image, sense of coherence, and emotional well-being are related to obesity and HRQOL [12] [13] [14] . As adolescents transition from childhood to adulthood, they are at particular risk for depression, declining body imagine, and low self-esteem, so it is important to examine HRQOL in the context of obesity and obesity interventions in this population [15] [16] [17] . Previous research with children and adolescents has found that depression and lower selfesteem are negatively related to HRQOL [18, 19] . Body image dissatisfaction also has been correlated with low QOL scores, and there is a negative association with overweight and obesity and body image [20, 21] . Overall, these psychosocial factors may play an important role in adolescent HRQOL. Furthermore, not only do Hispanic adolescents have higher rates of overweight and obesity, but also they report higher levels of depression [22] , poorer body image [23] , and lower self-esteem [24] than nonHispanic whites and Asians. This suggests that it may be important to examine how and whether these psychosocial variables influence the relationship between BMI and HRQOL among Hispanic youth.
Environmental-level variables examined in past obesity research have been diverse and included the neighborhood, home, and school [25] . The present study, however, specifically focuses on the neighborhood environment and walkability, aspects of the built environment. Past research has found components of the built environment associated with obesity [26] . In particular, walkability, which includes quantifying the safety and desirability of walking routes within a neighborhood [27] , has been related to higher levels of physical activity and a lower risk of being overweight or obese [28] .
The built environment also is associated with HRQOL. The Danish National Institute of Public Health found people who lived farther from green space reported lower HRQOL scores than people who lived closer to green spaces [29] . Another study found parents who reported living in neighborhoods rated as safe and having access to parks and other recreational opportunities had children who reported higher HRQOL [30] .
The relationship between the built environment, obesity, and QOL is exacerbated in disadvantaged populations. Individuals from lower SES neighborhoods reported poorer health, suggesting that these individuals endured more uncontrollable environmental stressors such as crowding, noise, crime, and threats to personal safety [31] . Furthermore, one possible explanation for why disadvantaged populations have high rates of obesity is that they tend to live in areas lacking aspects of health-promoting built environments (e.g., access to grocery stores and exercise facilities) [32] .
Culture is also an important type of environmental factor. Previous research on HRQOL scores among Hispanic and white non-Hispanic children suggests acculturation may have a stronger negative effect on HRQOL scores than ethnicity [33] . Acculturation also is associated with obesity in Hispanic populations [34, 35] . In fact, previous cross-sectional research has found that acculturation was the strongest correlate of obesity, even stronger than physical activity and diet [34] . However, more work is needed to assess how acculturation interacts with other potential contributors of obesity and HRQOL in a Hispanic population.
The present study assessed the relationship of BMI and HRQOL within a predominantly Hispanic overweight and obese adolescent population. Psychosocial factors were tested as mediators, and acculturation and environmental factors were tested as moderators. It was hypothesized that:
(1) BMI and HRQOL will be negatively associated; (2) psychosocial variables (i.e., depression, body image, and self-esteem) may be a mechanism driving the relationship between BMI and HRQOL; and (3) built environment factors and acculturation may affect the strength of the relationship between BMI and HRQOL.
Methods

Participants
Baseline data were merged from 2 intervention trials that aimed to reduce weight in overweight or obese adolescents by intervening in physical activity and nutrition behaviors (merged sample N = 205). The Primary Care Management of Adolescent Obesity (PACE-PC) study was a 12-month randomized controlled trial that aimed to reduce BMI in obese adolescents using a computer-supported intervention initiated in primary healthcare settings (N = 106) (under review, Norman et al., 2013). The Intervention for Youth at Risk for Diabetes (PACE-iDP) study was a 12-month randomized controlled trial that aimed to reduce BMI in overweight or obese adolescents at risk for type 2 diabetes through technology-based modalities (i.e., Web sites, textmessaging) (N = 99) [36] . Participants in both studies included one adolescent and one parent or guardian. Consent from both individuals was obtained. Ethical approval for both studies was obtained from participating healthcare organizations and University of California, San Diego, human subjects review board.
PACE-PC participants and recruitment.
Obese (BMI [ 95 percentile for age and gender) adolescents aged 11-13 were recruited through their primary care providers between February 2008 and November 2009. Three sites within the Children's Primary Care Medical Group in Chula Vista, California, agreed to participate in the study. Participants were primarily recruited at the recommendation of their pediatricians during routine visits. Study information also was distributed through flyers placed in office waiting rooms and through physiciangenerated letters mailed to patients' homes. In addition to meeting criteria for obesity, it was required that participants were literate in English, planned to be a San Diego County resident for the next year, had a parent or guardian willing to participate, were willing to return to the physician office for counseling sessions, and were able to attend measurement visits. Parents were eligible if they were literate in English or Spanish. Adolescents were excluded if they did not have reliable transportation, were taking or had previously taken (within 6 months of study inititaion) weight-altering medications, were unable to do moderateto-vigorous physical activity, weighed more than 77.7 kg, were living in foster care, were receiving special needs education, was a previous participant in our weight loss studies, was currently enrolled in a weight loss program, or had been diagnosed with obesity-related disorders requiring immediate weight loss management or diseases of the liver, pancreas, or small intestine affecting absorption or processing of nutrients.
Upon completion of an initial phone screening for eligibility with the adolescent and parent, a 2-week screening program was conducted. During the 2-week run-in program, the adolescent-parent dyads were asked to perform some of the activities that would be required of them if they were enrolled in the intervention trial (independent of randomization assignment). These tasks included: (1) attending a measurement visit; (2) scheduling and completing a phone call with a study staff member; (3) locating a food item at home, reading the food label, and describing the nutrition content; (4) tracking basic food intake and physical activity in a written diary over 4 days; and (5) scheduling and attending a follow-up appointment. Following successful completion of the program, eligible participants and their parents were invited to a baseline measurement visit.
PACE-iDP participants and recruitment
Eighteen pediatric practices in San Diego, California, were recruited to participate as the primary provider sites for recruitment into the study, twelve of which served economically and ethnically diverse adolescent patient populations. Providers were asked to identify potential at-risk patients aged 12-16 due for their annual visit or who had an existing appointment for a physical examination or wellvisit. Study information was also distributed via local media, and fliers were posted in waiting rooms. The recruitment period was between February 2006 and March 2008.
Eligible adolescents were ages 12-16 and at ''high-risk'' for diabetes. High risk was defined by the American Diabetes Association expert consensus panel [37] as overweight (BMI [ 85th percentile for age and sex, weight for height [ 85th percentile, or weight [ 120 % ideal for height) plus two of the following risk factors: family history of type 2 diabetes in a first-or second-degree relative, race/ethnicity, or signs of insulin resistance. Other inclusion criteria for both the participant and parent included access to the Internet, a functioning telephone, literacy in English (for adolescent) or English or Spanish (for the parent), and willingness to participate in online activities and attend monthly group sessions. Patients were excluded if they had a diagnosis of diabetes, were pregnant, were Qual Life Res (2015) 24:251-261 253 planning to leave San Diego during the study, or had a medical condition that would prevent them from participating in the intervention.
Measures
Demographics were collected by self-report. Categorical information was based on categories predefined by investigators. The following information was collected: age, gender (male, female), education (Bhigh school, high school degree, trade/technical/some college, or college graduate/ graduate degree), income (\$24,999, $25,000-$49,999, $50,000-$100,000, or prefer not to state/did not state), and race/ethnicity (Hispanic, White non-Hispanic, African American, other, or prefer not to state/did not state).
BMI was calculated as kg/m 2 . Height was measured without shoes using a stadiometer, and weight was measured using a calibrated digital scale. Measurement staff took the average of the 2 readings for both height and weight. BMI was correlated highly with BMI percentile and BMI z-scores (Spearman correlation for both measures = 0.86, p \ .001). Therefore, BMI was used in this analysis because it is more interpretable.
HRQOL was measured using the 23-item Pediatric Quality of Life Inventory [38] . It measures the previous month's physical, emotional, social, and school functioning aspects of HRQOL. Respondents were asked rate their response to each item using a 5-point scale ranging from ''never'' to ''almost always''. Items were reverse scored and linearly transformed to a 0-100 scale. Item scores were summed to obtain a total summary score, with higher scores indicating better HRQOL. This measure has been shown to be valid and reliable, with a high Cronbach's alpha (a = 0.91) [38] . In the current sample, Cronbach's alpha was a = 0.89.
Depression was measured using the 10-item Center for Epidemiologic Studies Depression Scale short form, a questionnaire that assesses depressive symptoms in the general population [39] . For each item, respondents are asked to rate the frequency of their reactions within the last week using a 4-point Likert scale ranging from ''rarely'' to ''all of the time''. Positively worded items were reversecoded, each item was weighted, and item weighted scores were summed. Scores range from 0-30. Scores between 0-11 indicate ''minimal'' depressive symptoms, 12-20 indicate ''somewhat elevated'' depressive symptoms, and 21-30 indicate ''very elevated'' depressive symptoms [40] . In youth, this measure has shown acceptable a Cronbach's alpha value (a = 0.85) and discriminative and construct validity [39, 40] . In the current sample, Cronbach's alpha was a = 0.71.
Body image was measured using the 9-item genderspecific body dissatisfaction subscale of the Eating Disorder Inventory [41, 42] . Respondents were asked to rate the frequency of time spent thinking about various parts of their body on a 5-point Likert scale ranging from ''always'' to ''never''. This questionnaire included 6 gender-specific items and 3 gender-neutral items. Responses to each item were weighted and summed. Scores range from 0-27, with lower scores indicating high levels of body dissatisfaction. The scale demonstrated sensitivity to treatment in addition to acceptable Cronbach's alpha and 1-week test-retest for Female Concerns (a = 0.90, r = 0.87) and Male Concerns (a = 0.75, r = 0.82) was acceptable [42] . The Eating Disorder Inventory has been determined to be reliable for use with children as young as age 8 [42] . In the current sample, Cronbach's alpha for girls was a = 0.82, and for boys it was a = 0.68.
Self-esteem was measured via the 10-item Rosenberg Self-Esteem Scale [43] . Responses were rated on a 4-point Likert scale ranging from ''strongly disagree'' to ''strongly agree''. Negatively worded items were reversed scored, and items were summed. Scores range from 0-40, with higher scores indicating higher self-esteem. This scale is the most widely used measure of global self-esteem and has been determined to be reliable and valid among youth samples, including showing good internal consistency (a = 0.81) [44] . In the current sample, Cronbach's alpha was a = 0.81.
Environmental variables were measured using the Neighborhood Environment Walkability Scale, a questionnaire that assesses perceptions of the environment [47] . The current study used 56 items from 7 subscales (i.e., land use mix-diversity, land use mix-access, street connectivity, infrastructure and safety for walking/cycling, neighborhood esthetics, pedestrian/automobile traffic safety, and crime safety). Land use mix-diversity was based on a 1 (1-5 min-walk) to 5 (C30 min-walk) scale and assessed walking proximity from home to various types of stores and facilities. Responses were averaged, and scores ranged from 1-5, with higher scores indicating closer proximity. Responses for the other subscales were rated on a 4-point Likert scale ranging from ''strongly disagree'' to ''strongly agree''. Responses were averaged, and scores ranged from 1-4, with higher scores indicating more favorable environmental surroundings. This measure demonstrated acceptable test-retest (R = 0.63-0.80) and validity [47] . In the current sample, Cronbach's alpha values were as follows: land use mix-diversity (a = 0.94), land use mixaccess (a = 0.66), street connectivity (a = 0.43), infrastructure and safety for walking/cycling (a = 0.56), neighborhood esthetics (a = 0.84), pedestrian/automobile traffic safety (a = 0.34), and crime safety (a = 0.80).
Acculturation was measured using 4 ''language-use'' items from a modified version of Short Acculturation Scale for Hispanics-Youth [45] as these were the only 4 items (1) [46] . In the current sample, Cronbach's alpha was a = 0.87.
Statistical analysis
Linear regressions were performed to conduct mediation and moderation analyses on the relationship between BMI and HRQOL using a merged sample of adolescents from the PACE-PC and PACEiDP studies. SAS version 9.0 was used to conduct statistical analyses. Mediation was assessed using Baron and Kenny's 4-step approach [48] . For each hypothesized mediator, 4 regressions were conducted that assessed relationships between BMI and HRQOL. The hypothesized mediators were depression, body image, and self-esteem. Sobel's test was used to assess indirect effects of the mediation models [49] . The hypothesized moderators were acculturation and environmental variables.
We chose the mediators and moderators based on the conceptual relationship between these variables [50] . Depression, body image, and self-esteem were hypothesized mediators because they are conceptualized as in the ''causal path'' from BMI to HRQOL. That is, it was hypothesized that BMI works through depression to affect HRQOL. Moderators are conceptualized as factors that can change the magnitude and direction of a relationship and are not in the causal path. For example, the presence or absence of particular environmental conditions was hypothesized to influence the relationship between BMI and HRQOL differentially. Although these analyses were conducted with a cross-section of data, we specified the hypothesized mediator or moderator relationship based on these conceptual relationships.
Correlations and ANOVAs were conducted with the HRQOL variable to determine appropriate covariates to include in multivariate models. T tests and chi-square tests were performed to assess if there were significant differences between demographic variables before merging the 2 samples (p \ .05). Variables significantly related to the outcome measure at p \ .10 level were included. Variables were assessed for co-linearity, and variables correlated [.50 were excluded.
Linear regression models were used to examine the mediating and moderating effects (significant at p \ .05). Non-normal dependent variables were transformed. If the covariate was significantly related to the dependent variable or changed the parameter estimate(s) by[10 %, it was retained in the model. Total effects and indirect effects were calculated. Tables 1 and 2 display descriptive statistics for demographics and individual and environmental variables. Most participants were female, Hispanic, and had a household income of \$25,000. Mean age for the merged sample was 13. Participants' parents had approximately equal levels of education. There were no significant differences between data from the PACE-PC and PACE-iDP samples, with the 
Results
Descriptive statistics
Mediation analyses
Bivariate analyses revealed HRQOL was significantly related to female gender (r = -0.16, p \ .05), parent's education (q = 0.14, p \ .05), and race/ethnicity (F(4, 200) = 3.64, p \ .05). Only race/ethnicity was significantly related to HRQOL in the first multivariate model (Table 3) . Therefore, we adjusted for this variable in the other multivariate models as well. As our linear regression results suggested, BMI was significantly related to HRQOL. We proceeded to test the mediator variables. In the first mediation analysis, BMI to HRQOL (b = -0.54, SE = 0.18, adj R 2 = 0.08, p = .004) and depression to HRQOL (b = -1.63, SE = 0.19, adj R 2 = 0.31, p \ .0001) were significant. However, because BMI to depression was not significant (b = 0.80, SE = 0.06, adj R 2 = 0.02, p = .175), we did not perform the fourth mediation step. 
Discussion
As hypothesized, there was an inverse association between BMI and HRQOL. Body image and self-esteem partially mediated the relationship between BMI and HRQOL. Depression was not found to be a mediator. Acculturation and environmental variables were not found to be moderators. Study findings indicate that psychosocial variables, such as body image and self-esteem, influence the relationship between BMI and HRQOL in adolescents, while environmental variables do not. To our knowledge, this is the first study to explore the mediation and moderation of individual-and environmental-level influences on the relationship between BMI and HRQOL in adolescents.
The result that body image was associated with BMI and HRQOL and mediates the relationship between BMI and HRQOL is consistent with previous research [20, 21, 51, 52] . One study in obese and normal-weight children, using a measure that separated assessment of psychosocial and physical aspects of QOL, found that body image was a mediator in the relationship between BMI and psychosocial QO [51] . However, the study did not find BMI to be associated with physical QOL. The present study begins to build a case for the mediating relationship between BMI and HRQOL, extending the mediation to include both physical and psychosocial aspects of HRQOL. More research is needed to confirm this relationship and determine whether it may be an important intervention target in improving HRQOL for overweight or obese adolescents. The association of self-esteem with BMI and HRQOL is consistent with previous research [53, 54] . Additionally, self-esteem as a partial mediator of the relationship between BMI and HRQOL is also consistent with the literature. Previous research indicates that in obese adolescents low self-esteem was associated with lower QOL scores, while also finding self-esteem was a partial mediator of the relationship between weight-related teasing and QOL [54] . Although weight-related teasing is probably not universally experienced by adolescents with a high BMI and may result in additional psychosocial trauma, the mediating relationship found in this previous study hints at the findings of the present study in which self-esteem partially mediates the relationship between BMI and HRQOL.
The finding that depression was associated with HRQOL is congruent with the literature [4] . Similar to previous research [55, 56] , the current study did not find a significant relationship between BMI and depression. Prior studies have found that self-perception of weight had a stronger association with depression than actual weight status [55] . Previous findings coupled with results from this study suggest that obesity is not a predictor of depression, but indicate that depression is an important factor associated with HRQOL.
Prior research has identified relationships between environmental factors and BMI and HRQOL separately but has not explored moderation of this relationship by environmental factors [29, 30] . Thus, the finding that the relationship between BMI and HRQOL was not moderated by environmental variables provides new insight and suggests that environmental factors may not influence the relationship between BMI and HRQOL. However, because the present study conceptualized environment as the neighborhood environment and walkability, there may be additional aspects of the environment (i.e., food environment) that, if included, may have moderated the relationship between BMI and HRQOL.
Past research has found acculturation influences HRQOL but has not explored the influence of acculturation on the relationship between BMI and HRQOL [33] . The finding that acculturation did not moderate the relationship between BMI and HRQOL provides new information about this relationship. However, this sample also was negatively skewed and included more highly acculturated adolescents, which may have biased the results. Future studies should strive for a diverse sample with equal amounts of low-and high-acculturated adolescents to examine the relationship acculturation has on BMI and HRQOL. Additionally, because the present study conceptualized acculturation as language use, there may be additional aspects of acculturation (i.e., time in resident country) that, if included, may have moderated the relationship between BMI and HRQOL.
Several study limitations should be noted. The study aimed to examine the influences of different levels of the SEM model on the relationship between BMI and HRQOL. However, the measure of environment was limited to the neighborhood environment and walkability. A more comprehensive measure of the environment may have found a moderating relationship between HRQOL and BMI. Additionally, interpersonal variables, such as social support [57] and school/social functioning [58] , were not available for both samples and therefore were not included in the analyses. The sample was limited to predominantly Hispanic youth in San Diego County, which may not be indicative of Hispanic youth in other regions. Additionally, only treatment-seeking youth participated in the studies, which do not include overweight and obese youth who may not have health insurance or are healthier overall. Results within nontreatment-seeking obese youth may be different. Moreover, only youth living in urban areas of San Diego, California, were sampled. Prior research indicates children reported higher HRQOL if they lived in urban areas [30] . A final limitation of the study was that it consisted of only overweight and obese youth and did not include normal-weight youth.
Strengths of the study relate primarily to its novelty in examining both individual and environmental mediators and moderators of the relationship between body weight and HRQOL. Confirmation of the influence of individuallevel factors such as self-esteem and body image on the relationship between BMI and HRQOL, with simultaneous findings that environmental factors may not influence this relationship, is important. Additionally, because the present study consisted primarily of Hispanic adolescents, these findings advance our understanding of the influences on HRQOL for this underserved group. Finally, because the present analyses found that body image and self-esteem partially mediated the relationship between BMI and HRQOL in this population, these psychological characteristics could be potential targets for interventions that address obesity in this population.
More research needs to be conducted in this area. Future research should include investigating mediators and moderators of BMI and HRQOL in a large diverse sample. Additionally, researchers can investigate the mediating and moderating effects of the variables used in these analyses using the subdimensions of the HRQOL measure. Finally, researchers also may want to consider the use of an obesity-specific HRQOL measure in future research [59, 60] .
Results from the current analyses suggest that body image and self-esteem may be important intervention targets to improve HRQOL among overweight and obese adolescents. This provides avenues, beyond targeting physical weight loss, for improving the life experiences of adolescents. In Hispanic youth, in particular, ethnic identity may play an important role in influencing body image and self-esteem. Interventions targeting Hispanic youth need to consider cultural factors involved with self-esteem and body image such as cultural understandings of beauty and a healthy weight. Future interventions and policies should focus not only on decreasing body weight to improve the HRQOL of adolescents but also on addressing individual factors such as body image and self-esteem in a careful and culturally sensitive manner.
